SPECIFICATION 

SURFACE RADIATION CONVERSION ELEMENT, LIQUID CRYSTAL 
DISPLAY DEVICE, AND METHOD OF PRODUCING A SURFACE 
RADIATION CONVERSION ELEMENT 

Technical Field 

The present invention relates to a surface radiation conversion 
element for converting electromagnetic wave, which is radiated from a 
radiation source, to surface radiation. More specifically, it is an 
invention which is used, for example, in a liquid crystal display device 
and is suitable as a light-guiding plate that converts light, which is 
radiated from a light source, to surface radiation. 

Background Art 

Hitherto, in a liquid crystal display device, a light-guiding plate, 
for example, has a light source disposed on a side thereof, has a liquid 
crystal conversion element mounted oh an upper surface thereof, and is 
used for guiding light, which is radiated from the light source, to a liquid 
crystal display element. 

Here, the light-guiding plate has undergone a treatment such as 
printing or embossing on a siu-face opposite to the display surface (light- 
exiting surface) as shown, for example, in Fig. 11. Then, the light 
radiated from the light source is scattered at this opposite surface, and 
only the light that has escaped from the total reflection angle among this 
scattered hght exits from the light-exiting surface. In other words, the 
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light that was unable to escape from the total reflection angle among the 
scattered light is reflected at the light-exiting surface instead of exiting 
from the light-exiting surface. Moreover, not all the light that has 
escaped from the total reflection angle exits at the light-exiting surface. 
Much of the light is reflected at the hght-exiting surface and returns to 
the inside. In other words, the light that can exit from the light-exiting 
surface is a component of a slight amount which is a part of the light that 
has escaped from the total reflection angle among the light that has been 
scattered at the opposite surface by hitting the printing or embossing. 
As a result of this, the light is damped due to lengthened optical path by 
repetition of such reflection till the light exits, thereby raising a problem 
in that the light from the light source cannot be utilized sufficiently. 

Further, in view of the aforesaid problem, there is one in which a 
light-emitting sheet havinjg a plurality of protrusions is bonded to a 
surface of a light guide so that the protrusions thereof may be brought 
into point contact (For example, Japanese Laid-open Patent Publication 
No. 2000-249836 and Japanese Laid-open Patent Publication No. 2000- 
338507). In such a light-guiding plate, the light from a light source is 
introduced into a light-emitting sheet from a light guide via the point 
contact part, and exits from the light-exiting surface. Now, even in the 
one disclosed in the patent document 1, the Hght that cannot escape from 
the total reflection angle repeats being reflected within the light-emitting 
sheet, so that the light from the light source cannot be utilized 
sufficiently. Moreover, in exiting from the light-exiting surface, the 
light must pass through the point contact part. Since the point contact 
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imposes a fineness limit to the area of the part that can be passed 
through, the light cannot enter the light-exiting surface and much of the 
light repeats being reflected in the light guide, so that the problem of the 
loss of light is not sufficiently solved. 

Disclosure of the Invention 

Therefore, an object of the present invention is to provide a surface 
radiation conversion element that can allow electromagnetic wave, which 
is radiated fi-om a radiation source, to be radiated efficiently from a 
radiation surface. 

A characteristic feature of the surface radiation conversion 
element according to the present invention lies in that, in a surface 
radiation conversion element for converting electromagnetic wave, which 
is radiated from a radiation source, to surface radiation, an element body 
has a generally plate shape constituted with a material having a larger 
electric permittivity than outside and, in the inside of the element body, a 
plurality of closed spaces are disposed whose electric permittivity is 
smaller than that of the material constituting the element body and 
whose surfaces opposite to a radiation surface are generally flat. This 
allows that the electromagnetic wave radiated from the radiation source 
to the element body passes through the part other than the closed spaces 
in the inside of the element body to the radiation surface side and is 
radiated from the radiation surface. Thus, since the electromagnetic 
wave passes through the part other than the closed spaces to the 
radiation surface side, more electromagnetic wave passes to the radiation 



surface side as compared with the one in which the light passes through 
the point contact part, such as the conventional one in which a Kght- 
emitting sheet is bonded to a light guide surface so that the protrusions 
thereof may be brought into point contact (for example, Japanese Laid- 
open Patent Publication No. 2000-249836. Therefore, the path of the 
electromagnetic wave can be accurately shortened, and the 
electromagnetic wave from the radiation source can be efficiently 
radiated. Further, by changing the number or the size of the closed 
spaces in accordance with the planar position, the amount of radiation at 
each planar position can be accurately controlled. In other words, by 
reducing the number of closed space parts, for example, in accordance 
with the distance from the radiation source, uniform surface radiation 
can be realized. Further, since the closed spaces have a generally flat 
surface on the side opposite to the radiation surface, random reflection is 
less liable to occur at this surface, so that the amount of radiation at each 
planar position can be accurately controlled. 

Here, one example of the electromagnetic wave is light, and one 
example of the surface radiation conversion element is a light-guiding 
plate. Also, the aforiementioned radiation source may be made of one 
radiation source or may be made of a plurality of radiation sources and, 
further, it may be any of the one performing point radiation, the one 
performing line radiation, and the one performing surface radiation. 

Furthermore, it is preferable to adopt a construction in which a 
plurality of closed spaces are disposed whose surfaces opposite to said 
radiation surface are generally parallel to the radiation surface. This 



allows that the reflection at the surface on the opposite side can be easily 
controlled, and the amount of radiation at each planar position can be 
accurately controlled. 

Furthermore, it is preferable to adopt a construction in which a 
plurality of closed spaces are adjacently disposed whose surfaces opposite 
to said radiation surface are generally parallel to each other. This 
allows that the reflection at the surface on the opposite side can be easily 
controlled, and the amount of radiation at each planar position can be 
accurately controlled. 

Furthermore, the surface radiation conversion element according 
to the present invention can be constructed with various members. 
However, it is preferable to adopt a construction in which a first member 
having a radiation source disposed on a side thereof and a second 
member disposed on the radiation surface side are constituted to be in 
close adhesion, and said closed spaces are formed between the first 
member and the second member. Further, in this case, it is preferable 
that at least one member of the first member and the second member has 
recesses formed therein, and said recesses are disposed to constitute said 
closed spaces by joining the first member and the second member. By 
adopting such a construction, it can be produced easily, thereby reducing 
the production costs. Here, it is possible to adopt a construction in 
which said recesses are formed only in the first member and not in the 
second member, a construction in which said recesses are formed only in 
the second member and not in the first member, or a construction in 
which said recesses are formed both in the first member and in the 
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second member. 

Furthermore, it is preferable to adopt a construction in which a 
total reflection restraining layer such as a scattering layer is disposed in 
said radiation surface. This allows that the electromagnetic wave that 
has reached the radiation surface from the radiation source is scattered 
at the total reflection restraining layer, so that even the electromagnetic 
wave that has not escaped from the total reflection angle is radiated from 
the radiation surface, thereby achieving an improvement in the efficiency 
of using electromagnetic wave from a radiation source. 

Further, suitable change in design can be made such as disposing 
said closed spaces so that the inside of said closed spaces will be gas 
layers such as air layers, liquid layers, or the like. However, it is 
preferable that the closed spaces are filled with soUd layers having a 
smaller electric permittivity than the material constituting the element 
body. This provides an advantage of being excellent in mechanical 
strength as compared with the case in which the closed spaces are air 
layers. Further, in the case of adopting a construction in which the 
closed spaces are formed between the fi^rst member and the second 
member that are bonded in close adhesion, the area of close adhesion 
between the first member and the second member will be wide, thereby 
providing an advantage of being more excellent in mechanical strength. 

(omitted) 

Further, a characteristic feature of the method of producing a 



6 



surface radiation conversion element according to the present invention 
lies in that a plxirality of recesses are formed in a joining surface of at 
least one member of a first member and a second member having a 
generally equal electric permittivity, and closed spaces having a smaller 
electric permittivity than the first member and the second member are 
formed with said recesses by joining the first member and the second 
member at the surface having the recesses formed therein. 

According to the production method having the aforesaid 
construction, a surface radiation conversion element can be easily 
produced in which the electromagnetic wave firom a radiation source can 
be efficiently radiated. In other words, in a surface radiation conversion 
element produced by this method, the electromagnetic wave radiated 
fi*om a radiation source to the first member passes firom the first member 
to the second member through a part other than the closed spaces 
constituted with recesses, and is radiated firom the radiation surface of 
the second member. Here, it is possible to adopt a method in which said 
recesses are formed only in the first member and not in the second 
member, a method in which said recesses are formed only in the second 
member and not in the first member, or a method in which said recesses 
are formed both in the first member and in the second member. Also, as 
a method for forming recesses in the first member or in the second 
member, one can adopt a technique of forming recesses at the time of 
molding with a mold such as a metal mold, a technique of adding a layer 
to form recesses on a surface of a member having a smooth surface, a 
technique of forming recesses by transcribing the shape of a mold having 
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protrusions onto a member with the use of heat or pressure, or the like 
technique. By using the aforesaid techniques, it can be produced easily. 

Further, as the production method according to the present 
invention, there may be various methods; however, it is preferable to 
adopt a method in which the first member is constituted with a plate 
material such as an acrylic plate, the second member is constituted with 
a sheet member such as a scattering sheet containing polycarbonate as a 
principal material, and said first member and said second member are 
joined by adhesion. This allows that, by bonding the first member made 
of a plate material and the second member made of a sheet member, a 
surface radiation conversion element having closed spaces can be 
produced easily. 

Furthermore, the production method according to the present 
invention is preferably such that the recesses are formed in one member 
of the first member and the second member, and a joining surface of the 
other member to which the one member having said recesses formed 
therein is joined is formed to be generally coplanar. 

In the surface radiation conversion element produced by the 
production method having such a construction, the surfaces of the 
plurality of formed closed spaces on the joining side are formed to be 
generally parallel to each other and generally coplanar. For this reason, 
the reflection at the surface on this joining side can be easily controlled, 
and the amount of radiation at each planar position can be accurately 
controlled. 

Furthermore, in the production method according to the present 
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invention, it is preferable that a total reflection restraining layer such as 
a scattering layer is formed in a surface of the second member opposite to 
the joining surface. This allows that, in the produced surface radiation 
conversion element, the electromagnetic wave that has reached the 
radiation surface from the radiation source is scattered at the total 
reflection restraining layer, so that even the electromagnetic wave that 
has not escaped from the total reflection angle is radiated from the 
radiation surface, thereby achieving an improvement in the efficiency of 
using electromagnetic wave from a radiation source. 

Furthermore, in the production method according to the present 
invention, although suitable change in design can be made such as 
disposing the closed spaces so that the inside of the closed spaces 
constituted with recesses will be gas layers such as air layers or liquid 
layers, it is preferable that the recesses are filled with solid layers having 
a smaller electric permittivity than the first member and the second 
member before the first member and the second member are joined. 
This provides an advantage of being exceUent in mechanical strength in 
the produced surface conversion element because the closed spaces are 
filled with solid layers and, moreover, the joining area between the first 
member and the second member will be wide, thereby providing an 
advantage of being more excellent in mechanical strength. 

Brief Description of the Drawings 

Fig. 1 is a side view partly containing a cross section for describing 
an outline of the liquid crystal display device according to one 
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embodiment of the present invention; Fig. 2 is an enlarged view of an 
essential part of Fig. 1; Fig. 3 is a cross-sectional plan view for describing 
an array of closed spaces (recesses) of the embodiment; Fig. 4 is a 
perspective view for describing the shape of the closes spaces (recesses) 
that can be adopted in the embodiment; and Figs. 5, 6, 7, 8, 9, and 10 are 
each a side view partly containing a cross section for describing an 
outline of the liquid crystal display device according to another 
embodiment. 

Best Mode for Carrying out the Invention 

First, a schematic construction of the liquid crystal display device 
according to this embodiment shown in Fig. 1 will be described. This 
liquid crystal display device is a liquid crystal display device of a so-called 
back light type in which a light source 200 is disposed as a radiation 
source on a side of a light-guiding plate 100, and a liquid crystal display 
panel 300 having a transmittance mode is mounted on an upper surface 
of light-guiding plate 100. Here, suitable change in design can be made 
such as disposing a reflecting means such as a reflecting sheet on the 
bottom side of light-guiding plate 100 or allowing an optical sheet to 
intervene between light-guiding plate 100 and liquid crystal display 
panel 300. 

Further, in this embodiment, light source 200 is constituted with 
cold cathode ray tubes disposed on both sides of light-guiding plate 100; 
however, a point light source such as a LED can be adopted as light 
source 200. Also, although a plurality of (two) tubes are arranged in 
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parallel in light source 200 on one side in the illustrated example, light 
source 200 can be constituted with one tube. 

Further, light-guiding plate 100 of this embodiment is for 
converting light (electromagnetic wave), which is radiated from light 
source 200, to surface radiation, and letting it exit from light-exiting 
surface 123 (radiation isurface). Light-guiding plate body 101 (element 
body) has a generally plate shape constituted with a material having a 
larger refractive index (electric permittivity) than the outside air layer. 
Further, a plurality of closed spaces 103 are disposed in the inside of this 
light-guiding plate body 101. 

Further, said light-guiding plate 100 is sectioned into a first region 
A (light- guiding region) in which Ught exits from light source 200, a 
second region B (light-exiting region) including said light-exiting surface 
123, and a third region C passage region) for letting the light pass 
through from said first region A to the second region B. Said closed 
spaces 103 are disposed in the third region C. Further, a total reflection 
restraining layer 125 for restraining the total reflection of light is 
disposed in the light-exiting siirface 123 positioned in said second region 
B, 

More specifically, light-guiding plate body 101 is constructed in 
such a manner that a first member 110 having light soiirces 200 disposed 
on both sides thereof and a second member 120 having a light exiting 
surface 123 are bonded in close adhesion. Then, a plurality of recesses 
121 are formed in one surface of the second member 120. Further, 
closed spaces 103 are constituted with recesses 121 by joining the second 
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member 120 with the first member 110 in close adhesion at the surface 
having the recesses 121 formed therein. In other words, said first region 
A is constituted with the first member 110, and said third region C is 
constituted with the layer of the second member 120 in which the 
recesses 121 are formed, and said second region B is constituted with the 
light-exiting surface 123 side of the second region B of the second 
member 120. 

Further, said first member 110 is constituted with a plate member 
and is constituted, for example, with an acrylic light guide. Further, the 
second member 120 is constituted with a sheet member and is 
constituted, for example, with a diffusing sheet containing polycarbonate 
as a base. Further, since the first member 110 and the second member 
120 are made of materials having a generally similar refractive index, 
light-guiding plate body 101 has a generally similar refi-active index in 
all the regions A, B, C firom the first to the third. 

Further, the joining surface of the first member 110 for joining 
with the second member 120 is formed to be coplanar and, for this reason, 
the bottom surfaces (surfaces opposite to light-exiting surface 123) of the 
plurality of closed spaces 103 formed with recesses 121 of the second 
member 120 are disposed to be parallel to each other and coplanar. 
Furthermore, since said second member 120 is disposed to have a 
generally uniform thickness, the bottom surfaces of closed spaces 103 are 
disposed to be generally parallel to said light-exiting surface 123. 

Further, the upper surfaces (surfaces on the light-exiting surface 
123 side) of the plurality of closed spaces 103 (recesses 121) are disposed 
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to be parallel to each other and coplanar, and are disposed to be generally 
parallel to said light-exiting surface 123 and to the bottom surfaces of 
closed spaces 103. 

Further, the upper surfaces of closed spaces 103 are disposed to be 
narrower than the bottom surfaces of closed spaces 103. More 
specifically, closed spaces 103 are formed to have a generally trapezoidal 
cross section in which the bottom surface is narrower than the upper 
surface. Here, in the illustrated example, the cross section of closed 
spaces 103 is formed to have a trapezoidal shape in which the oblique 
sides thereof are slanted at a generally equal angle in the directions that 
are different fi*om each other. Here, the shape of closed spaces 103 of 
this embodiment is disposed to be generally circular in plan view (upper 
and bottom surfaces are circular) (See Fig. 3). Here, in the present 
invention, various shapes can be adopted as the shape of closed spaces 
103 (recesses 121). Further, even in the case of forming the closed 
spaces 103 (recesses 121) to have a trapezoidal cross section, various 
shapes can be adopted. In other words, one can adopt a shape having a 
line part and an arc part in plan view as shown in Fig. 4A, an elliptic 
shape in plan view as shown in Fig. 4B, a shape having a curved line in 
plan view as shown in Fig. 4C, or a shape having a rectangular shape in 
plan view as shown in Fig. 4D. 

Furthermore, the closed spaces 103 are disposed to have a smaller 
refi-active index than the material constituting the light-guiding plate 
body 101. Specifically, one can make a construction by bonding the first 
member 110 and the second member 120 in close adhesion in a state in 
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which air is let to intervene in said recesses 121 so that the closed spaces 
103 will be air layers, or make a construction by allowing solid layers 
having a lower refractive index than the material constituting the light- 
guiding plate body 101 to intervene in said recesses 121 so that the closed 
spaces 103 will be filled with the solid layers. 

Further, as a technique for forming said recesses 121, one can 
adopt a technique in which the recesses 121 are formed in the second 
member 120, for example, at the time of molding with a mold having a 
plurality of protrusions, a technique of adding a layer for forming 
recesses to a smooth sheet, a technique of transcribing the shape of a 
mold having a plurality of protrusions onto a sheet by applying heat or 
pressure to the sheet, or the like technique. 

Further, the plurality of recesses 121 (closed spaces 103) are 
disposed as shown in Fig. 3 in plan view, and are disposed so that the 
number of recesses 121 will be smaller (more sparse) near the central 
part than near the sides where the light sources 200 are disposed. 

Further, in said second member 120, the aforesaid total reflection 
restraining layer 125 is formed in the light-exiting surface 123 which is 
the surface other than said joining surface. Here, the total reflection 
restraining layer 125 can be constructed with a diffusing layer (See Fig. 
2A) subjected to a process of diffusing light or with a roughened layer 
(See Fig. 2B) obtained by roughening the surface of the second member 
120. Furthermore, the total reflection restraining layer 125 can be 
constructed with a prism-processed layer intended for the purpose of 
restraining the total reflection at the surface of the second member 120, 
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for the purpose of controlling the light-exiting angle characteristics, and 
for the like purpose. Here, in the case of forming the diffusing layer, 
suitably selectable methods are a method of mixing a diffusing agent into 
the light-exiting surface side at the time of molding the second member 
120 and a method of bonding a diffusing agent onto the surface of the 
second member 120. 

Here, suitable change in design can be made such as performing a 
printing process, an embossing process, or a prism process on the bottom 
surface of light-guiding plate 100 (surface opposite to light-exiting 
surface 123), namely, on the bottom surface of the first member 110 for 
the purpose of aiding or adding the optical characteristics. 

Next, a method of producing the above-described light-guiding 
plate will be schematically described. 

First, a plate-shaped first member 110 constituted, for example, 
with an acryhc light guide and a sheet-shaped second member 120 
constituted, for example, with a diffusing sheet containing polycarbonate 
as a base are prepared.' Here, a plurality of recesses 121 are formed 
beforehand in the joining surface of the second member 120. The 
recesses 121 are formed to be wider on the opening side (joining surface 
side). Also, the joining surface of the first member 110 is disposed to be 
eoplanar. 

The surface of the second member 120 having recesses 121 formed 
therein is bonded by adhesion onto the joining surface of the aforesaid 
prepared first member 110. Here, in bonding, one can adopt a method of 
using, for example, ultraviolet-curing resin as an adhesive and bonding 
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the two by radiating ultraviolet ray to this. 

Here, in bonding, one can beforehand dispose solid layers having a 
higher refractive index than the first member 110 and the second 
member 120 in recesses 121 of said second member 120. 

In a liquid crystal display device having Hght-guiding plate 100 
made with the above-described construction, the light from light source 
200 passes through light-guiding plate 100 and is radiated from light- 
exiting surface 123 of light-guiding plate 100 towards liquid crystal 
display panel 300. 

In the passage of the light through light-guiding plate 100, the 
light from light source 200 passes from the first region A (first member 
110) of Hght-guiding plate 100 through the third region C (lower layer of 
the second member 120) and exits from light-exiting surface 123 of the 
second region B. In this manner, in light-guiding plate 100, the light 
passes through the part other than the closed spaces 103 in the third 
region C to the second region B side. Therefore, compared with those in 
which the light passes through the point-contact part as in the prior art, 
the light passes accurately to the light-exiting surface 123 side, whereby 
the optical path can be shortened and the light from light source 200 can 
be efficiently radiated. Further, compared with the conventional ones in 
which the two are iii point contact, the joining area between the first 
member 110 and the second member 120 will be wider, so that the 
bonding strength of the two is high, thereby providing an advantage of 
enhanced mechanical strength. Further, by disposing the solid layers in 
recesses 121, it provides an advantage of more enhanced mechanical 
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strength. 

Further, since total reflection restraining layer 125 is disposed in 
light-exiting surface 123 of the second region B (second member 120), the 
light that has reached the light-exiting surface 123 is scattered at the 
total reflection restraining layer 125, and even the light that does not 
escape from the total reflection angle exits from the hght-exiting surface 
123, thereby achieving an improvement in the efficiency of using the light 
from light source 200. 

Furthermore, since the plurality of recesses 121 (closed regions 
103) are disposed so that the number thereof will be smaller at the 
central part than near the sides that are closer to light sources 200, the 
light near the central part is more liable to pass to the second region B 
side than the light near the sides, thereby enabling uniform surface 
radiation from light-exiting svirface 123. 

Further, a part of the light that passes through the first region A is 
reflected downwards at the bottom of closed spaces 103. Since the 
bottom of closed spaces 103 is disposed to be flat, random reflection does 
not occur, and the light can be controlled easily. Further, the bottoms of 
the plurality of closed spaces 103 are disposed to be parallel to each other 
and coplanar, thereby providing an advantage in that the control is 
further easier. 

Furthermore, a part of the light is reflected at light-exiting surface 
123 of the second region B, and the reflected light is reflected at the 
upper surface of closed spaces 103. Since the upper surface of closed 
spaces 103 is disposed to be flat, random reflection does not occur, and 
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the light can be controlled easily. Further, the upper surfaces of the 
plurality of closed spaces 103 are disposed to be parallel to each other and 
coplanar, thereby providing an advantage in that the control is further 
easier. 

Here, since this embodiment adopts the above-described 
construction, the above-described advantage is provided. However, the 
present invention is not limited to the construction of the above-described 
embodiment, and suitable change in design can be made within the scope 
intended by the present invention. 

In other words, the aforesaid embodiment has been described by 
raising light as one example of electromagnetic wave; however, instead of 
this, it can be used for surface radiation of X-ray or the like. 

Further, in the present invention carried out for general 
electromagnetic wave, the phase of the members constituting the surface 
radiation conversion element is not limited to crystal or amorphous state 
such as solid or liquid, and suitable change in design can be made. 

Furthermore, even in the case of using it in a liquid crystal display 
device as in the above-described embodiment, it can be used, for example, 
for a liquid crystal display device of a so-called front light type as shown 
in Fig. 5. In the liquid crystal display device shown in Fig. 5, light 
sources 200 are disposed on both sides of hght-guiding plate 100, and 
liquid crystal display panel 300 having a reflection mode is mounted on 
the lower surface of light-guiding plate 100. In other words, light- 
exiting surface 123 of the light-guiding plate is disposed on the bottom 
side and, in the illustrated example, the upper side and the bottom side 
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in the description of the aforesaid embodiment are the bottom side and 
the upper side, respectively. Here, an embossing process, a roughening 
process, a prism process, or the like can be performed on the upper 
surface (surface opposite to light-exiting surface 123) of the light-guiding 
plate 100 shown in Fig. 5. 

Also, in the aforesaid embodiment, the one in which light sources 
200 are disposed on both sides of light-guiding plate 100 has been 
described. However, those in which light source 200 is disposed only on 
one side of light-guiding plate 100 such as shown, for example, in Figs. 6 
and 7 are within the intended scope of the present invention. Here, the 
one shown in Fig. 6 is a liquid crystal display device of a so-called back 
light type, and the one shown in Fig. 7 is a liquid crystal display device of 
a. so-called front light type. The light-guiding plate 100 shown in Figs. 6 
and 7 has a so-called wedge shape in which the thickness decreases from 
the one side where light source 200 is disposed towards the opposite side. 
Specifically, the surface (bottoni surface of Fig. 6, upper surface of Fig. 7) 
opposite to the light-iexiting surface 123 is disposed to be slanted. Here, 
the closed spaces 103 of the light-guiding plates 100 shown in Figs. 6 and 
7 are disposed so that the surface on the light-exiting surface 123 side 
(upper surface of Fig. 6, bottom surface of Fig. 7) and the surface opposite 
to light-exiting surface 123 (bottom surface of Fig. 6, upper surface of Fig. 
7) will be parallel to light-exiting surface 123. Also, the plurality of 
closed spaces 103 are disposed so that the number thereof decreases from 
the one side where light source 200 is disposed towards the opposite side. 
Further, even in the case of using it in a liquid crystal display 
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device as in the above-described embodiment, it can be used in a liquid 
crystal display device of a so-called plumb-down type such as shown, for 
example, in Fig. 8. In this case, with the plurality of closed spaces 103, 
the directivity of the light from the light source can be efficiently changed, 
and it can be easily controlled to have a directivity that is accurate as a 
display device. Furthermore, in this case, an accurate light quantity 
distribution can be produced by disposing the plurality of closed spaces 
103 while adjusting the state of in-surface distribution in plan view 
(when viewed as in Fig. 3). 

Further, in the aforesaid embodiment, the one in which the closed 
spaces 103 are formed with recesses 121 formed in the second member 
200 has been described; however, the present invention is not limited to 
this. For example, forming recesses for forming closed spaces in the first 
member 110 las in the aforesaid embodiment or forming closed spaces 
with holes by allowing the third member having holes to intervene 
between the first member and the second member are within the scope 
intended by the present invention. Furthermore, as shown in Fig. 9 or 
Fig. 10, forming recesses 121 for forming closed spaces 103 in both of the 
first member 110 and the second member 120 is within the scope 
intended by the present invention. Here, in forming recesses 121 both 
in the first member 110 and the second member 120 in this manner, the 
plurality of recesses 121 of the first member 110 can be disposed at 
positions corresponding to the plurality of recesses 121 of the second 
member 120 so that one closed space 103 may be formed with one recess 
121 of the first member 110 and one recess 121 of the second member 120, 
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as shown in Fig. 9. Furthermore, in forming recesses 121 both in the 
first member 110 and in the second member 120, change in design can be 
made so that some recesses 121 among the pltirality of recesses 121 of the 
first member 110 may form closed spaces 103 together with the fi-ont 
surface of the second member 120, or some recesses 121 among the 
plurality of recesses 121 of the second member 120 may form closed 
spaces 103 together with the back surface of the first member 110, as 
shown in Fig. 10, instead of disposing the plurality of recesses 121 of the 
first member 110 at positions corresponding to the plurality of recesses 
121 of the second member 120. 
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